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equation; $ODE$) (delay diffferential equation; DDE)
[8]. [8]






$T$ (division rate) (death rate) (
[2,9] ).















$N+1$ $n$ $t\ovalbox{\tt\small REJECT}$
(cell population production rate) $b_{n}(t)(n=0,1, \ldots, N)$
0
$0$ $\tau$








Gett and Hodgkin [6], Deenick [3]
$24-48h$
$12-15h$ ( [10])
Gett and Hodgkin, Deenick
de Boer [1] Gett
and Hodgkin, Deenick
(growth kinetic mechanism) de Boer [6]
[3]
[1] de Boer DGH
Deenick log-
normal [3]. $\mu_{0},$ $\sigma_{0}$
log-normal $C$ (recruitment
rate) $f(t)$ $t>0$
$f(t)= \frac{C}{\sqrt{2\pi}\sigma_{0}t}\exp(-\frac{[\log t-\log\mu_{0}]^{2}}{2(\sigma_{0})^{2}})$ (2.4)
$t\leq 0$ $f(t)=0$ $x_{n}(t)$ $t$ $n$
DGH
$\{\begin{array}{ll}\frac{d}{dt}x_{1}(t)=f(t+T_{0})-e^{-\mu_{1}T}f(t-T+T_{0})-\mu_{1}x_{1}(t) , \frac{d}{dt}x_{n}(t)=2^{n-1}e^{-(\Sigma_{i=1}^{n-1}\mu_{i})T}f(t-(n-1)T+T_{0}) -2^{n-1}e^{-(\Sigma_{i=1}^{n}\mu_{i})T}f(t-nT+T_{0})-\mu_{n}x_{n}(t) , n=2, \ldots, N\end{array}$ (2.5)
[1]. $x_{0}(t)=f(t)$ $x_{n}(t)$ $b_{n}(t)$












$b_{n}(t)= \int_{0}^{T}\prod_{i=1}^{n-1}(2e^{-\mu_{i}T})e^{-\mu_{n^{\mathcal{T}}}}f(t-\tau-(n-1)T+T_{0})d\tau$ . (2.6)



















$\{\begin{array}{l}\frac{d}{dt}A_{0}(t)=f(t-T_{0})-(\lambda+\mu_{0})A_{0}(t) ,\frac{d}{dt}A_{n}(t)=2\lambda e^{-\mu_{n-}{}_{1}T}A_{n-1}(t-T)-(\lambda+\mu_{n})A_{n}(t) , n=1,2, \ldots, N\frac{d}{dt}B_{n-1}(t)=\lambda A_{n-1}(t)-e^{-\mu_{n-1}T}\lambda A_{n-1} ( T)-\mu_{n-1}B_{n-1}(t)\end{array}$ $($ 2.7 $)$






$\mu_{n}=\mu+(n-1)\alpha$ $A_{n}(t)$ 1 $B_{n-1}(t)$ 2
$T$ A-phase $B$-phase
A-phase $(2\lambda e^{-\mu_{n-1}T}A_{n-1}(t-T))$ .
$f(t)$ $s\leq T_{0}$ $f(s)\equiv 0$ $A_{n}(t)$ $B_{n-1}(t)$











$I(t)$ $t\ovalbox{\tt\small REJECT}$ IL-2









$\mu(I)$ $\lambda(I)$ $A$-phase B-





$(n\geq 2)$ . $\mathcal{F}_{n}(\tau, I_{t})$ $\tau$ IL-2
$\Lambda_{n}(\tau, I_{t})$ (2.12)
$A_{n}(t)=2 \int_{T_{m}(I_{t})}^{\infty}\Lambda_{n}(\tau, I_{t})\mathcal{F}_{n}(\tau, I_{t})A_{n-1}(t-\tau)d\tau$ (2.13)
$\mathcal{F}_{n}(\tau, I_{t})$ $\Lambda_{n}(\tau, I_{t})$
$\mathcal{F}_{n}(\tau, I_{t})=\exp[-\int_{0}^{\tau}\mu(I_{t}(-\sigma))d\sigma]$ (2.14)
$\Lambda_{n}(\tau, I_{t})=\{\begin{array}{ll}\lambda(I_{t}(-\tau))\exp(-\int_{\tilde{T}_{m}(\tau,I_{t})}^{\tau}\lambda(I_{t}(-\tau+\sigma))d\sigma) , \tau>T_{m}(I_{t}) , (2.15)0, 0\leq\tau\leq T_{m}(I_{t}) \end{array}$
24
$t$ $n$ $B$-phase $B_{n}(t)$
$B_{n-1}(t)= \int_{0}^{T_{m}(I_{t})}\lambda(I_{t}(-\tau))\exp[-\int_{0}^{\tau}\mu(I_{t}(-\sigma))d\sigma]A_{n-1}(t-\tau)d\tau$ (2.16)
$(n\geq 2)$ . IL-2
IL-2 $g(I(t))$ (input )
$X_{n}(t)=A_{n}(t)+B_{n}(t)$ IL-2
$\frac{dI}{dt}(t)=g(I(t))-\int_{0}^{\infty}\sum_{n=0}^{N}\mathcal{F}_{n}(\tau)\gamma_{n}(\tau, I(t))X_{n}(t-\tau)d\tau$ (2.17)
$\gamma_{n}(\tau, I(t))$ $n$ 1 IL-2
[5]
$\frac{dI}{dt}(t)=-[c_{1}\sum_{n=1}^{\infty}(A_{n}(t)+B_{n}(t))+c_{2}f(t)]\frac{I(t)}{h+I(t)}$ (2.18)
(2.17) $N=\infty,$ $g(I(t))\equiv 0,$ $\mathcal{F}_{n}(\tau)\equiv 1,$ $\gamma 0(\tau, I(t))=$
$c_{2}I(t)/(h+I(t))$ $\gamma_{n}(\tau, I(t))=c_{1}I(t)/(h+I(t))$
(2.12) &(2.16) [5] IL-2 An $(t)$
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